Abstract. Hashimoto's thyroiditis is the most frequent autoimmune thyroid disease. L-thyroxine therapy can reduce the incidence and alleviate the symptoms of this disease. The aim of this study was to evaluate the effects of prophylactic Lthyroxine treatment on clinical and laboratory findings of patients who were euthyroid at the time of diagnosis. Thirtythree patients who had diagnosis of euthyroid Hashimoto's thyroiditis were randomized to two groups, one group received prophylactic L-thyroxine treatment and the other was followed-up without treatment. Initial thyroid function tests, autoantibodies, ultrasonography, fine needle aspiration biopsy and peripheral blood lymphocyte subsets were similar in the two study groups. After 15 months of L-thyroxine treatment, there was a significant increase in free T 4 and a significant decrease in TSH and anti-thyroglobulin antibody anti-thyroid peroxidase antibody levels. CD8 + cell counts increased in both groups, CD4/CD8 levels decreased significantly because of the increase in CD8 + cell count levels. Though there was no change in cytological findings, ultrasonography showed a decrease in thyroid volume in L-thyroxine receiving patients whereas an increase was detected in patients who were followed without treatment. In conclusion, prophylactic thyroid hormone therapy can be used in patients with Hashimoto's thyroiditis even if they are euthyroid.
HASHIMOTO'S thyroiditis is the most common autoimmune thyroid disorder characterized by diffuse lymphocytic infiltration, lymphoid follicule formation, epithelial cell destruction, fibrous tissue proliferation and presence of thyroid autoantibodies [1] [2] [3] .
In Hashimoto's thyroiditis the anti-thyroid immune response begins with the activation of the thyroid antigen-specific helper T cells and once they are activated, they induce B cells to secrete thyroid antibodies [4] . The mechanism for autoimmune destruction of the thyroid probably involves both cellular immunity and humoral immunity. Lymphocytic infiltration of the thyroid gland by equal number of B cells and cytotoxic T cells is a common histologic feature [4] . Studies evaluating peripheral and intrathyroidal lymphocytic populations from these patients revealed different results [5] [6] [7] [8] . The effect of L-thyroxine (LT 4 ), which has been proven to modulate the immune process in animal models of spontaneous lymphocytic thyroditis animal models, is not clear when it comes to clinical studies especially for euthyroid patients for whom LT 4 therapy indication is controversial [9] [10] [11] [12] [13] . Different effects on serum thyroid autoantibodies, peripheral and intrathyroidal lymphocytes have been reported [14] [15] [16] [17] [18] [19] [20] [21] [22] . The aim of this clinical study was to investigate the influence of prophylactic LT 4 therapy on thyroid auto-antibodies, goiter size, cytological findings and peripheral lymphocyte populations in euthyroid patients with Hashimoto's thyroiditis.
Material and Methods

Patients
Between January 2001-December 2002, 33 patients (32 female, 1 male, ages between 21-52, mean 38.83 ± 9.61) with Hashimoto's thyroiditis were included in the study. All patients were euthyroid (the patients' thyroid hormone measurements made on two consecutive visits; two patients had low free T 4 but normal free T 3 and TSH levels at first visit; all their hormone levels were within normal range on the second measurement but the first measured levels were used for statistical analysis), free of symptoms and/or ECG findings of coronary heart disease, none had systemic illness (including renal, pulmonary, liver diseases and osteoporosis) or history of synthetic thyroid hormone therapy during the last ten years. After obtaining written informed consent, 17 patients were randomised to follow up without treatment (Group1) while the rest of them were put on LT 4 (Group 2). The diagnosis of Hashimoto's thyroiditis was based on ultrasonography (volume), laboratory criteria [thyroid stimulating hormone (TSH), free triiodothyronine (FT 3 ), free thyroxine (FT 4 ), anti-thyroglobulin (Tg-Ab) and anti-thyroid peroxidase (TPO-Ab) antibodies] and cytology obtained by fine needle aspiration biopsy (FNAB). After 12 hours of fasting, between 8.30 and 10.30 a.m. blood samples were obtained for complete blood count and lymphocyte subpopulations. LT 4 therapy was initiated in Group 2 with a dose of 50 mg of LT 4 per day. Serum TSH levels were checked one month after treatment and maintenance dose was adjusted so that serum TSH levels were kept as low-normal (0.35-1.125 mIU/ml). All patients were re-evaluated at 3rd, 6th and 9th months and serum TSH, FT 4 , FT 3 , Tg-Ab and TPO-Ab were measured. At the end of the study, in addition to serum thyroid hormone levels and thyroid autoantibodies, ultrasonographic and cytologic examinations of the thyroid gland and lymphocyte subpopulations from peripheral blood were repeated.
Two patients from each group were excluded from the study because two became pregnant, one had developed thymic carcinoma and one was lost to follow-up.
Twenty-nine patients completed 15 months of followup period. This study was approved as Thesis in Internal Medicine by our institution.
Thyroid hormone measurements
After 12 hours of fasting, blood samples were taken from antecubital vein. Thyroid hormone levels were measured by Architect (Abbott, USA) machine through Chemiluminiscent Microparticle Immunoassay (CMIA). Architect TSH Reagent Assay (N.6C52, intrassay variation 1.7-3.8%, interassay variation 0.987), Architect Free T 3 Reagent Assay (N.6C48, intrassay variation 2.3-5.0%, interassay variation 0.957) and architect Free T 4 Reagent Assay (N.6C50, intrassay variation 3.6-6.3%, interassay variation 0.953) were used. Reference levels of our biochemistry laboratory were as follows: FT 3 : 2.62-5.96 pmol/L, FT 4 : 9.00-19.04 pmol/L, TSH 0.35-4.95 mIU/ml.
Thyroid autoantibody measurements
Tg-Ab were measured with manual ELISA (Euroimmun, Germany, intraassay variation 3.1-7.3%, interassay variation 6.8-7.8%). Antibody levels up to 1.1 AU were accepted as normal. TPO-Ab were measured with TPO-Ab One Step RIA CT (Radioimmunometric Assay for the Quantitative Determination of Antithyroperoxidase Autoantibodies in Human Serum and Plasma, intraassay variation 6.6-7.9%, interassay variation 6.7-12%). Results over 30 IU/ml with gamma counter were considered abnormal.
Thyroid ultrasonography
Siemens Advanced Apparatus with 7.5 MHz transducer was used. The total thyroid volume was calculated from the sum of the partial volumes of right and left lobe. The volume of each part was calculated by multiplication of length, thickness and width by 0.5.
Immunofluorescent staining
Mononuclear cells were separated from blood with Ficoll gradient method. Fifty ml of mononuclear cell suspension was added to tubes containing 15 ml of the appropriate monoclonal antibodies directly conjugated with fluorescein isothiocyanate (FITC) or phycoerythrin (PE) (Mouse Anti-Human Simultest Control IgG/IgG 1 , CD3/CD19, CD3/CD16-56 CD4/CD8, Becton Dickinson, San Diego, CA). Samples were incubated at room temperature for 15 minutes in the dark. The remaining cells were washed with phosphate buffer saline (PBS) and 1% bovine seum albumin. Cells were resuspended in 4% paraformaldehyde and stored up to 24 hours at 4°C until they were analyzed by flow cytometry.
Flow cytometry
A FACS calibur flow cytometer (Becton Dickinson Immunocytometry Systems, San Diego, CA) equipped with a 15 mW air-cooled argon ion laser was used in the present study. An excitation wavelength of 488 nm and emission at 530 nm for FITC and 585 nm for PE were used. List mode data of two-color fluorescence, forward angle light scatter (FSC) and 90° side scatter (SSC) were collected for 10,000 cells per specimen. The collected data were analyzed on a Macintosh Model G3 computer with CellQuest Software. Fluorescence data were collected on four-decade log scale. Calibration beads were used as an external standard at the beginning of each flow cytometric run to take care of any background staining. The relative numbers of lymphocyte subsets were expressed as percentage of the total lymphocyte population.
Fine needle aspiration biopsy
After application of 2% prilocaine hydrochloride, thyroid tissue was aspirated by 0.7 × 32 mm needle by an experienced endocrinologist. On-site alcohol-fixed specimens were stained with Papanicolaou stain.
Statistical analysis
All results were expressed as means and standard deviations, medians and interquartile range. MannWhitney U test, Wilcoxon test, Spearman rank correlation coefficient and Friedman tests were used.
Results
There was no statistical difference between age, sex, thyroid hormone, thyroid autoantibody levels, ultrasonographic and cytological findings or lymphocyte subpopulations between the two study groups. All the patients were positive for TPO-Ab, whereas 24.1%
were negative for the Tg-Ab. No significant correlation was detected between antibody titers, thyroid volume and lymphocyte populations.
At the end of 15 months, while all the patients were receiving LT 4 , FT 4 levels were significantly high and TSH levels were significantly low in Group 2 (p = 0.001 and p<0.0001 respectively, Fig. 1 and Fig. 2 ). There was no significant difference between FT 3 levels. The average daily dose of LT 4 ranged from 50 to 200 mg (mean 80.39 ± 11.48 SD). One patient in Group 1 developed sub-clinical hypothyroidism at the end of 9 months (TSH: 17.121 mIU/ml, FT 4 : 13.19 pmol/L and FT 3 : 5.51 pmol/L). Her thyroid hormone 10.85 pmol/L at the end of the study. She was followed up closely and LT 4 treatment was started at the end of the study. There were no adverse effects such as atrial fibrillation and osteoporosis in treatment group. Although there seemed to be a significant decrease in Tg-Ab levels in both groups during their first visit, it persisted only in Group 2 at the end of 15 months (p = 0.02, Fig. 3 ). Likewise TPO-Ab levels decreased only in Group 2 at the end of the follow-up period (p = 0.013, Table 1 ). There was a significant correlation between the reduction of TSH levels and Tg-Ab levels ( R s : 0.580, p = 0.03), but no such correlation was present between TSH and anti-TPO.
No changewas observed in absolute number of peripheral blood lymphocytes and percentages of CD3, CD4, CD19 or CD16/56 positive cells whereas the percentage of CD8 + cells were found to be increased in both groups (p = 0.003 and p<0.0001 for Groups 1 and 2, respectively). There was no statistical difference between the amount of change in two groups regarding percentage and absolute number of CD8 + cells (Table  2) .
We could not detect any change in either group regarding cytological findings. Thyroid volume increased in Group 1 and decreased in Group 2 at the end of the study (p = 0.008 and p = 0.003, respectively, Table 1 , Fig. 4) . A second FNAB was obtained from one patient from Group 2 because of uncertainity for lymphoma, and examination of intrathyroidal lymphocytes by flow cytometry revealed normal immunophenotypes.
Discussion
Hashimoto's thyroiditis is the most common autoimmune thyroid disorder characterized by presence of thyroid autoantibodies with a spectrum of clinical presentation changing from a large goiter to atrophy of the gland, hyperthyroidism to hypothyroidism [1, 2] . Although involvement of the immune system in the pathogenesis of the disease is well-known, the triggering impulse or the modulating factors on the disease process still need to be determined. It is not yet clearly understood whether the typical autoantibodies present in the serum of the Hashimoto's thyroiditis patients play a direct role in the pathogenesis of disease or appear as a response to ongoing inflammatory reaction [23, 24] . A possible inhibitory effect of TPO-Ab on thyroid peroxidase enzyme is considered but its effect is probably indirect [25] [26] [27] . Many authors have reported that TPO-Ab has a correlation with the amount of lymphocytic infiltration and disease activity, Kasagi et al., however, claimed Tg-Ab to be the critical determinant of the pathogenesis [28] [29] [30] . All patients in this study have TPO-Ab in their serum but 24.1% of the patients were negative for Tg-Ab. The results were consistent with other studies where cytological findings were compared with antibody levels [25, [31] [32] [33] .
In our study, LT 4 treatment significantly decreased both TPO-Ab and Tg-Ab levels after 15 months of therapy. This effect could either be due to a decrease in TSH levels which may indirectly decrease the magnitude of antigenic presentation or through a plausible direct modulatory effect of LT 4 itself. Direct modulatory effects of LT 4 have been supported by some studies which showed increased viability of skin grafts in mice, decreased primary antibody concentrations and inhibition of cellular immune response after L-thyroxine treatment [34] .
LT 4 has been shown to decrease the incidence of lymphocytic thyroiditis and the amount of lymphocyte infiltration in animal models [9, 15, 35] . Although LT 4 treatment is mandatory in hypothyroid autoimmune thyroiditis patients, LT 4 treatment which is shown to inhibit autoimmune process in animal models, is still controversial in euthyroid Hashimoto's disease patients where disease has not destroyed the thyroid gland enough to cause hypothyroidism [17] . Variable results regarding the effect of LT 4 treatment on autoantibodies are reported. Although some authors report a decrease in Tg-Ab and/or TPO-Ab levels, other studies are not confirmatory [10, 11, 15, 17, 36] . Most of the study groups included hypothyroid patients and the studies with euthyroid patients were limited with conflicting results [14, 15, 37] .
The immune mechanism in Hashimoto's thyroiditis has been shown to start with CD4 + cell activation followed by participation of CD8 + lymphocytes and B cells [3] . Neither the triggering stimulus nor the exact interactions of immune system have been determined. Several studies revealed varying results for percentages of T, B cells and also of natural killer cells obtained from peripheral blood and thyroid [17, 18, [38] [39] [40] . We were able to demonstrate an increase in the percentage of CD8 + cells in both groups which was independent of LT 4 therapy. As there was not a healthy control group in this study, it is not possible to explain the change in CD8 + cells simply as a normalization through suppression of disease activity or as a sign of increased cytotoxicity which becomes prominent as time progresses. Absence of intrathyroidal lymphocyte examination was a limitation of our study from this point of view. We were not able to demonstrate an effect of LT 4 on this process.
Prophylactic thyroid hormone therapy decreased the size of thyroid volume whereas follow-up without treatment resulted in a larger thyroid tissue. The effect of LT 4 treatment on goiter size is much clearer on hypothyroid patients but our study is one of the few studies which could demonstrate this effect in euthyroid patients even at doses which kept TSH at low-normal levels [13] .
LT 4 treatment at doses keeping TSH at low-normal levels appears to be effective not only in decreasing the autoantibody levels but also in the goiter size. Although this immunomodulating effect cannot be explained through any alterations in lymphocyte subpopulations (though CD8 + levels increased it was independent of LT 4 treatment), there appears to be an inhibitory effect of LT 4 treatment on the ongoing disease process in Hashimoto's thyroditis patients. Early treatment of euthyroid Hashimoto's thyroiditis patients with L-thyroxine may slow down not only the disease process itself but through its immune modulating events it may also affect the course of other autoimmune diseases which accompany. LT 4 therapy could be used for these beneficial effects in patients with euthyroid Hashimoto's disease but we believe questions including selection of patients for treatment, duration and doses of treatment still need to be answered by conducting further prospective studies in patients with Hashimoto's thyroiditis.
